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[o o l 2]"H2 2tt*WHM6lli 
S&2 t*:«8lf***±"Ca*L''' 

J&ffi0-T?fo9, 01 8 75S02 lK3»VvrjBV\fcE*i: 

5m, i k^t ? v&wa&2 tttm-va 

[0 0 13] «Lft#£>, *it*5fe«1-«K:tt, 02 2 

^»^fc5A*t#8 ****** 

[0014] 0 2 3 v 

1 lttn»iNM*«S, 12f*nMjfe^KS. 1 3 
/ V K-^fcWMK 14ttpfi*#-f Kl\ i-5li» 
ftfc 1 6«pflti, 1 TlinHWISrtiT^ft*^ 

BH (buried heterostructur 
e) flljgfcftoT^T. *»(Hl3ti<t«w't"? 

[0015] 

5 t'-f-SHMBl 02 4i*02 

-t, -(a) ■»*eew»iwiiiii*. (b). 

tu^tv^LTV>T, (B) -ett. KE$4ttf$*I&JSr. * 

[00 16] mfrbmbfrtei-?^ B9f*»*»^y 
5//flc*oTV^, ^ KJfl 2&tfl 4©B5f^ s 

*KJKS 1 3 itf-r KH 2'fttfl 4 i<Dtt©fflSf*H 

[0017] mm\<Ditnm&£W.-?rt~. a^^sa 

»3fc80^#yF8*, KJBl 2, JfcWWil 

3, *#-f FH 4^ j etv»(¥§OfPfcP@S*C*fe* 1 ' 

[0 0 18] £ 

fcfflUKJIl 3 «:»<■*■*«' if, 8©^#yh# 
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©WS*0. 0 4 Urn] #TfcUW§£-et>Si*2 

«#*S<'t»S1 HCfrfro±m&. %:<D%0%i¥\*. 
IbWSM 1 3 fc*r 6 - t ft < ^® tT L* 5 IS 

[0 0 19] 0 2 5 8:0 2 4 Kjl f>;ft,5*« 

10 $0BHMBB'?fc 9 > 0 2 3 S.tf0 2 4 HU&V^TjflVfclE 

1 8 L#5g5ffla> fe*frfcA*t#, 2 

0 tt^ s> Soffit*!**: t> o-fcAlt***^*!* 

[0 0 2 0]. Ha»bWb*»ftJ:'5'^ 

: >f KJi'l'2ft'tFI 4'**<»J*Lfc©'-e*>'5*, Alt* 

1 9 ©*»£»i#;8W KH 2 ^ 1 4 ftffil ttt* 
20 v\ tffrfc:, XJt#2 0te^fcftoT*SMl 3£ 

Lfc«-& 9;*#*HM s tt:fc < ft o T L* 5 „ 
[0 0 2 1'] ^ili, *77-<^i»^M^^-t 

[0 0 2 2] . 

[IglS^^-f-Sfcfe©^®] 0 1 

«U 22ttnfi*^Kl, 2 3 f*y V K-^*»tt 
24 »i p fcte^ Kl, 2. 5 \mm.^ '2 6 tt p « 

[0 0 2 3] ;:<D*««i*i6KB:, H*»e>We)*»fti 5 
K:/ 02 3 icovMTKW Ufctt*©^ -y^A^^^ 

40 [0 0 2 4] (a ) %1M KJB 2 2 fttf 2 4 ©Wffl 

*RKS2 3Biifiv^»T?ttJB5r*«:ft<i-5i:# 
(cHtb6(-otvTe<ft5i5tLTfo5„ ffiU » 

[0 0 2 5] (b) #7 7 -f^t ©IS£#&*"?*>* 
±5Kl, Kl 2 2 25.^2 4 SrJ*<-T5- to 

[0 0 2 6] BB2tt*«BKft5*«*WBilH !: ft»tS 

50 9, HlK«v^TiSv^iB*i:PIB#H:P»^*«1"*»- 



mm i ^htizmx-xK^xm Litmmm* 
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l, fc&fc****©!^* 
twL-o*. w. iMHMife # . u . (B) fcJlfeih>6 

j00.2 7] i T% jM*MvO*J:$^ 

mbfrzmmmmicm^Ti^ .*W-k*2 2& 

2.1^f*2 4 Sr^iit) .UTUBftlcttoTU* 5 J: 5 fcfc 
&*2 8 2 ate^oTiyfcSftSJ: 5*« 
«"Ce»iS*».£ ir^Tt, 2 3 * 

««fc*^TM\ ( i ) -sitsfls^p'sfrafc' 

[002 9] (2) K*t«»t,6l8Jf*^©» 

«rw»ir**» s sfevNji, ( 3 ) -mnm<t$*!m# 

TO 0 3 0] 
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[0 0 3 1] 

[0032] ^ztix^zm&£m-t:z>±%?>^ 

W: In.P - 
. ^MfbSiS : 2 X 1 0". Can-'J 
•• 1 0 0 [ MmJ 
[ 0 0 3 3 ] ( 2 ) 'n m 2 2 fcov ^ 

W : I n I n G a A s P (jftft# . x . 4 5 f 

20 ^^Sa. : 1.x 1 0" Ccffl-') 
: .3 : . 5 (um) . 
( 3 ) v / v K-^*«<RJI 2 3 teov %r 
: I n G a A s 

[0034] (4) pi!*^K»2.4JC0V^ 
f!:' nGaAsP «**!•■ 4 5 C,m) *ft* 



: 1X10" (cm-') 
•• 3. 5 Umj 
30 (5) lft*ft:2 5.fcov.%T 

[0 0 3 5] (6) P««B2 6.&^n*«i2 7K 

W : A u 

(7) * ^-!^fcoV^T 
« : 1 0 '[n m ) 
S$ J 100 [ M m) 

Kg 2 2st>- 2 ivmmzmmm^tx 
40 M^twic^rmmzm^ m**wm 

loose] £©*-**«©*«*i«sa.ij, (alga 
^-efct). K«2 2aot2 4©*4«tjis RftJi 

so a*ii;fes^t^-et5 0 
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[003 7] ft*©**tt«^*i«S*fc'»v^tt, 

X%-%4 K@©J¥£x'2+ftRi|xJi©jf £) =#)2 Cm 
m) -C&.5©fc*tU »-HIII«|-(»ttlWBLfcJ:5K8 

(/zm) lot, A»*fc©*^ft*»*t< 

|pj±1-5o £fc> fttf-f K12 2X1/2 4^miBLfcJ: 
5(^3. 5 (tim) ©JICSK/io-C.V^-Cl)', AWi"S^ 
»#©ft*#RlRJI 2 3 tiiJS§*5 - # *imx'b 

9, tor, fcrt»ra&*tt* t < * < 

'fcoTVvC, L^t>, 3 0 [GHz] «rfe8x.S^SE^ 

[0 0 3 8] H2KAfe*u«J: , 5t, ##-f 

Kg 2 2W2 4 icftltSHlff*^**^!^*:*'^ 

t?s AJt* 8 Ktm-r 2 8 Srft 't»*b¥& < *» 
ltZ@ 2 3 ~4fe«p S*5 £ t.^T * ' v Mtlltth 

[00 3 : 9 ] BP ME Lfc*M«r t> o 

2 4 '(/im) <Dbc\Z, ffiot, ^P«T?^KlRS2 3 
*«SJ0, Kfci!fTr'5£^7 2 [/imp Ofci*, I 

[0040] ro*^i(^Bld*»t*j«aaP^tt, _* 
RJfcl 2 3#»<, fi/O, KS 2 2 RtWMMRJI 

2 S RXFyttfJ Kl 2 4 -CJgjjlSix'* P i nS^Otl 
#/h4»tttffifc<*?K :©pi n »£©***, 
fc£ .5 * h 7 -f / • * f-©^ 2fe < > J.O, S $ #81 
< ; itz* 3fcSMKS 2 3 *ff »* JlHS/hS < fc5o 

[0 0 4 1] i©J:5l-v **lWi'2 3©J*g.icr2«''X 

rafc©*fcr±*v^i:ft^©-? 
*>5#,' *©<):? p i n&£^S#;*:t<ft 

SOT^9»< fc-es*^©-^ *ft*©afctai^i8S< 

[0 0 4 2] L*»t>, *Ki|Xl2 35r^<i-5t)tO® 

fi±i"S fctt, «*.'»* * I> ?>f -f - * t 
J::9«jfcS?fc*5:J^ *'©J:5fcUfc»£",' S*5©£i:ft 
P i ri!^©«*#3Efctft*:U afiStt©«TK 

[0043] *-isiM»fctt^-c, * ^f-© 

$^«rm®LT;B££2 0 0 U m) t 
U Sfc, #®I|XJI2 3©J?&«:1. 5 (/im) ETFK 
LfcSfcgfllSrKflsU 5 0 CO) ©fSffi«r*tffcLfci: 
r5. 2 0 [GHz) 6t±©Ka»£:**r**5ii:^ 

[0 044] ftSfcllX/12 3<DJf £#1 (/im) 

effi*2 8#%fUDUI 2 3 **ittfc-lHHH 

i»5£8 0 (%) £JLbfc46. iWE5k*«IK:*V^TH:, 
e»* 2 8 f* 2 4 C v m] ©fcftRJRJl 2 3 
3J5©-?, * h^-Y:/- *f-©ftS#2 0 0 (/im) T? 
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[0 0 4 5] rr-C, %^»K12 3*£iEttft!90S 

W|pJ±-T5-<b, ^HJ'blStiJJS ffl 
0 0 (%) ©*f$^£itfi£LTV^ 0 ffl, BJ*«-ett 

0 0 (/im) O"t>©^tt/iRa©aMs|STftbfc3 0 

[0 0 4 6] H3H^Mfc*»tS»^lfc«*i*K-*" 
• 10 Sfcfc'ftMEfffifcoRWH^fco-C, 12 1 fttfH 2 ic 

[od"4 7i Hu:»v^ (A) \mm®m*$iu * 

UT, (B) tt (A) fe^S^Y - Y fclf&o Ttffltfr 

^5®JBJr^¥^i*:S, 3 2 :Att«*.'tfpffl I n'P*>e> 
^5<S)BSf^^8s 3 1 Btt^liJ?§^5 (n 
m) tfeSnll n G a A s ^b&SiSiaSr^Mlfr 
20 1. 3 2Bli^)x.«I?^^5 (nm) T'&ipII nG 

a a s i>htezm®m®¥mftm, p Cfiy^^fH 

^^t;...*^., "(B) t»Hc, ^*li^^^^®^i*© 

9 , n L,tt»fe*i*"a*f*^* r p U lif 6.^^)0 
Sf^^ n L , £±j&£-tt:5.&© f y ^*4r^ L-T V > 
5„ jfii, .y ^ P C 1*0* $ V > 5 J; 5 J-eHtff 
WflcJi 3 1 A^V^ 3 2 A©W S tft S L, %©)? # 
)fe©l|X® 2 3 ^otbT^i ^-5 1 5 HP 

*>, mft&*M< Ltz^wfrX'\ti&mft&¥Wftm 3 1 

30 A-£V^33 2 A©J¥££?$<, JBSt^^t(B;< Lfc 

V^^T-tti£HJf$^^3 1 B*VM43 2'B©J¥4 

[0 0 4 8] i©'J:5fcUTajf*»*S:4fiftS*6» 
^ ®BJf^^®3 1 A^3 2 A, -^LT, KS9r 
^¥^f*®3 1 B-^3 2 B^tl^tbroJf^SrSift©-!/ 
5©&BrtT'$W1-*U*, El3tab^5i5l-. m?j 

[0 0 4 9] 8WaRWLfcff-|llfc«Bi«V>TH:, *m 
40 ^*©IBi**r**5J:t-efflJf*l!:»*S:t>fc*fc 

U fiJBSf^^frS 3 1 A (^v>li3 2A) iilSJStff 
W<*:I3 1B (^V^^43 2B) iSr^Si-aSL, 

*^©lfy^-*aEjL4J: 'fctfaJf*^*** 
fc•^i:TV^5 0 ^©try^^^xSto^Ttt, ©fflJlT^ 
^*®3 1 A^i*©lf$?r^S-a:5yc:^T-*<, ffi 
JB9r4>¥V#JI 3 2 A* i?©J¥£ J: 5 K LT t 

H#©ffS*IW»-t-5J:3lcU-Ct>ftv\ 
[0050] SSrj|ittMictt«a9r*^©Sfl#P#il! 
50 tt, *-jiai«fcftS*'*v4Jt«-*-6i:^ B»f*^*© 
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[005 l J 04 fit*»Wfc*»ti*HSIMi«*ilHK1- 

86** U *LT, (B) «t (A)'fc*6>*i6*Y-Y 

[0 0 5 2] ^ttfltffHJHIM J* 

£ a* 1 dim) T?Wp WHttfJ K/f 2 4 #JS#f 
T»*«r tfc*V^*« pi I n P'TflWte JyC^S J: 
i-e&S. ft, 7JMfctta^jffHafctfj:nc< l x i 
0" (<■■*) -CS>5, iO|liSMfc*»t5pM^-< K 

T, y V I n PmZMti LT'*> & Z n fc&fc U 

[0053] £.r, S*fcKBLfc»-j»t« 

SLT^So Hte»^T, 3 1 ttRfSg, 3 2tt^j||| 
AW, 3 3 3 4 »4^«tr*iiilW-5^« 

.[00 5 4] i ©^iBfifeft^Btt^© t> ©TfcoT, 
1 i£A1? 3 2 3 4 Z-ftL. 

• py-x • K-^'yh • tfx<oi:ti?ti 

/£&?IJfflL, S&3'6©^g^0tJ;tfc£l nGaAsPft 
£©** fca: tf> * S/irA'rt** *5 £ $ (d LTV >S„ 
[0 0 5 5] **WC«: V I nGaAsPWEMft 
<S^¥*fMt**^HUTV*$©T\ ^©InGaA 

[0 0 5 6] 4\ InGaAsPl^lt5Ga©MSr 
xT\ LT, As(0iffififeSry-e^1-i1-5i s i nG 
a A s PfcG a, I n,-. A s, P,-, b&-fZ 
#, I n P{Cfe^S^$-B:5^o x Ruty J4, 
x = 0. 46 6y/ (1. 0 3-0. 0 3 y) 
©H«fc*><5. 

[0 0 5 7] /OK-^S'/'X^e 
E. (y) = 1. 3 5-0. 7 2 y + 0. 1 2 y' 
[005 8] ym<t4i,G8,In 
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[0 0 5 9]foT v xS^ySrffiiJil-fSii-e, fiff 

So £lg£i, xMtf^y f*, aSSl'lCi»A**t6 I n, 
Ga, As, p«#y-x '-;fr*fctttt$ftffifc£ft© 

[00 6 0] Ji, : I n, Ga , A s , Pffl^y 

[ o o 6 i j m enmm 1 5 ^m-mmm^mm-tix 
o^pummmism, H'i.QRrwB.i7»4y— *. 

20 [0 0 6 2] 06&tf|g|l 6#JS 
6- (1) 

tt*£#5 0 (mm) , JSS30.0 Urn) T'SboT. n 
S K-^V h t LTS n * K-f i^LT 2X10 
" (cm- J J i u ^E*^B5WSL?t I n PS«2 1 Sr 

[0 0 6 3] 6- (2) 

■©R«S3 l^-fe y h-f-So JSi, r ot, laejijLP, 

30 .t IxitGm&miti^wi (m e V a i o V g a n 

ic chemical vapour depo s.i 
t,ion:MOCVD) S«t5 t 
[0064] 6- (3) 

In, Ga, As, P ©£&ffift£$&CDft£>Jfci£, ^ 
nPi45.fc$|c, *fc, J?$^3. 5 C/im] ^ 
UE.) 4 5 Cum) tft*J:5fc 

w sr«5. *^f-f vm2 2<Dffimmmirz>&y 

TH,SXf^*rSaiirt-6. *^ KJ12 2*nfflii 

1-**©K-/0"KJftti/y=iV (Si) SrfflV^Tt^ 
< . ^<D|^<D K— h • ^tts i H t ff—mtf3X-%> 

[o o 6 5] iai eicttnsytxr-r k»2 2tri«$* 

T, (a) ttl.ny-^'^futjcpy-^.^ 
flEJHEft*, *fc» (b) liGay-X • #*MuqcA 

3 s y-* •^©*JMEfl:irtiT^ii^LTv^5. 



• 11 

[0 0 6 6] 6- (4) 

y = l©jsa^t^5<t5»-I n, Ga, As, PfcHf 

(TM I : In (CH.) ,) , hi) 'V* 
(TEG : G a (CH.) .) , 7A-» (As 

Hi) , *x7jy (ph.) om&zmmu J?sa s 

1 (Mm) OInGa A ■ *»fe*'*y ^ K-^JfcftlRl 

2 3fc$£&-a:3 0 
[00 6 7J 6- (5) 

In, Ga, As, P©#*ftfc£»©*©Jt**llM|l 

^•ai^^E.^ftJMWi UE.) t?l. 4 5 U 
m) T?fe5InGaAsPiWJ:5lw Sfc, J¥&# 
*?)3. 5 (jum) fcftofc*ttlc*VVTa:> y = 0, BP 
I n F t fc5 £ 5t-x JWy-feVftftlctitt UT^ 
y K-^O*^ KS 2 4 tf>j&B£fir 5 ; 
[0 0 6 81 01 7lCtt%^ KB -2 4£:J&&&-tf5K 

(a ) »* i n y-x • ^trj«icpy-^ • tixomm 

mt*. tits ( b) «G a y-X • tfxMtffcA s y 
T?, E, iXE.£<DB8flW*, 

E, (W4 (eV) ) =1. 2 4/A.E. (¥& [» 
m) ) 

-Cffiia&ftS,, i©<t5i-LT, 02© (B) fc&btl 

6- (6) 

#7*ffif*£!7^RtfZn{fc^&&AU fiS* 
6 00 CC) , 8#MSr^J8 [B#W] tLTZnCDfifeSS: 
SrtT^TA^ KB 2 4 £ pi^frf-So 
[0 0 6 9j 07#J8 

7- (1) 

fSCVD (chemical vapor depos 
i t ion) fefcaWH-3£i:lC«0» JP£fll*.fi2 0 
0 (ns) roSiO,l37Wt5. 

7- (2) 

y y^77^»»i«i/^ h • T'e-fexfcawH- 

5 i t X M3 8 £^/£-t-5 0 
[0 0 7 0] 08#H 

8- (1) 

^h7^/©I/-^ MR 3 8&$-t\ 
[0 0 7 1] 09#|f 

9- (1) 

/fc&jlffl-f.5 1^*1*183 8 
LtSiO,l3 7©^fi<)3:s/ < 3 1 V^Srfi : oTi|®l 0 
turn) <DXYy47b-fZ> a 
9- (2) 
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Vv>;* MR 3 8 • Bfc*1-5o 

[0 0 7 2] 01 0#fig 
1 0- (1) - 

y^yymzmm'tzzhicteix. ^f^t'os i 

0,^3 7Srvx^,tLTpSl5t^ KB2 4©*BB*» 
fr&K 2 1 * * • = jy^^fcfi $■. 

[ 0 0 7 3] 01 l#!f ' ' ' ' 
1 1- (1) ' 
10 ±yfVtf - t L'TJBV-\fcS i 6,^3 7 

11- (2) 

[0 0 7 4] 01 2#«l 

12- (1) 

5 7* K • v*? 3 9 Srtf-LT 

20 [0 0 7 5] 01 3&M 

13- (1) 

l-fco^TRW Vtz* iJ-gp^ffifciiA/fc*^ y 5 Ka» 
6 &'&£*# 2 5 f>*v5„ 

[0 0 7 6] 01 4#J$ 

14- (1) 

?&JU- 0 -fclMt t 17 i^fcifc'tt %pfi&£8 4 l'±fc 

30 [0 07 7] 01 5#fl8 
1 5- (1) 

"9, Au/Z n/A u ^?>^-5 pffi!lS1S2 eWAuG 
'e-/A-u*»6**nlBWB , 2 7 S. 

1 5- (2) 

t * »l$tf>t£»£iSffl-r 5 r i: fc« 9 , ' « 

2 0 0 ■'[Aim) VfiJlOO [Aim) '<D^s/7°{c:-r5. 0 

[0 07 8] 
J.o«^fc3Wf ?> AW $ 

TiS < « 5 «t 5 J-^* * t o «t 5 1 X h 5 . 
[0 0.7 9] iWiE«|j££$5 n t t<S t) , KBSr 

50 5HLfei^-p3i,oT^ *3fe/£felf, %U4 m&M 
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[is i ] *%mm*K®Mmimzi&v&®$MM* 
[02] *%w\mzft%mmmz-mz>®ftmmz 

«Mtti"«*o*«*IMI««rKW-t-*iaT*>«. 
[03] *8£ft&r?*ftr|t*ffl$mr*»o%« 
£ft&R4>R91H:?ft>6. 

[04] ^nklftlt.69H|IIft^«MR-rs»0%fl| 

[05] ^HTffl^&ftfejftH&RostmHH^i*) 

So 

[0 6 ] -*-|afc0! fcWftf 5 Xgfcov ^ -CWK-f .5* 
[0 7] 8-»fl*«t*s:i«fcoVN-c#R-*-6* 

[08] ir-idfc«*j«36i:6iiiKov^t«fRi:*j» 

OiasmtM»t53tem^gB©SgI5§J»r«iJffi0t?& 
5. 

[09] *-*lfcfl|«r«3art"*iaK:<>v^-C#R1r** 

WlSS0f^i*lt5^«^^e©i?^«]»fft!lB0T?& 
5. 

[010] »-*lfc«*«art-5XSlEOV^T«R^6 

^<DxeH3r(^{t«*«^^«wBei5§j»f«B0T- 

[011] -»-|!««!l«r«ifrr5xaKov^T*!Ri-« 
[012] »-|t*«^K3Brt-«xaico.^T«R"*-S 
[013] *-0HIOTfc«i6+3ISlEOV^l!rai-* 
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[014] *-IHft«*r«Jt1-<&XBlcov^#tti-« 
[015] fc-IWMtilSfr^Siafco^TtfRI-S 

A©xsg3fti*it.5)ta25^e(DsgiJ§]»f{iiffi0-t? 

[016] y-* • #*®M«li|;|pfco^TR5W-$* . 
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[ @ ft] [OBJECT] 

^■MW-itW^S^^.Wi^^\^^ It is related with a semiconductor photoelectric- 

7r4 '<b ojjg^Sb*Srl^I±S conversion device. 

***fc»V^XM' KJfcfl^ Spepifically, in order to improve the coupling 

+ +h^-«*, ri irm*-i>*- efficiency with an optical fibre, even if it is the 

a y jot b , teffiTt case where a thjck |jght-guide layer is used, as 

!$J|XjilC2j&^JI.< an optical absorption layer condenses a 

J: 5f"bT\ %iS4 KJBSr^ii propagation light efficiently, it may make. The 
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propagation light which passes by a light-guide 
layer is made to reduce, and it is going to 
implement the improvement in a light-receiving 
quantum efficiency. 

[SUMMARY OF THE INVENTION] 

It is to provide the n-type light-guide layer 22 by 
which forms lamination sequentially on, n-type 
semiconductor substrate 21, and a light is 
irradiated from a direction parallel to the joining, 
the non dope light absorption layer 23, and the 
p-type light-guide layer 24. 

The refractive index of said each light-guide 
layers 22 and 24 has the distribution so that it 
may become low as it is isolated from that and 
the side near the optical absorption layer 23 
may become the highest. 




It is the principal-part perspective view of the photoelectric-conversion device for 
explaining the component principle. 
21 : N-type semiconductor substrate 
22: N-type light-guide layer 
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Non dope light absorption layer 

P-type light-guide layer 

Insulator 

P side electrode 

N side electrode 



[CLAIMS] 



[CLAIM 1] 

It is to provide the one conductivity-type 
compound-semiconductor light-guide layer by 
which forms lamination sequentially on one 
conductivity-type compound-semiconductor 
substrate, and a light is irradiated from a 
direction parallel to the joining, a non dope 
compound-semiconductor light absorption 
layer, and an opposite conductivity-type 
compound-semiconductor light-guide layer. 

The refractive index of a said each light-guide 
layer has a distribution so that it may become 
low as it is isolated and the side near an optical 
absorption layer may become the highest. 

The semiconductor photoelectric-conversion 
device characterized by the above-mentioned. 

[CLAIM 2] 

The shape of the refractive-index distribution in 
a light-guide layer, the parabolic type opened 
toward an optical absorption layer is formed. 

The semiconductor photoelectric-conversion 
device of Claim 1 characterized by the above- 
mentioned. 

[CLAIM 3] 

It is to provide the one conductivity-type 
compound-semiconductor light-guide layer by 
which forms lamination sequentially on one 
conductivity-type compound-semiconductor 
substrate, and a light is irradiated from a 
direction parallel to the joining, a non dope 
compound-semiconductor light absorption 
layer, and an opposite conductivity-type 
compound-semiconductor light-guide layer. 
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The refractive index in any one of a said each 
light-guide layer has a distribution so that it may 
become low as it isolates and it may become 
the highest at the side near an optical 
absorption layer. 

The semiconductor photoelectric-conversion 
device characterized by the above-mentioned. 

[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] 



[0001] 



[0 0 0 2] 
[0 0 0 3] 



[INDUSTRIAL APPLICATION] 

This invention, the coupling efficiency and an 
internal quantum efficiency are high. And, high 
frequency responsiveness is obtained. It is 
related with the semiconductor photoelectric- 
conversion device which has improved the 
optical waveguide especially. 

[0002] 

Currently, in the field of an optical 
communication, In order to potentiate 
exchanging a lot of information at high speed, 
the tendency to utilize a coherent light has 
become strong. 

However, in order to generalize that, it has 
many problems which must be improved in the 
viewpoint of hard(ware), and a semiconductor 
photoelectric-conversion device is also that 
one. 

[0003] 



m 1 8 fin K—isis hytmis * 



immzmi-m&t&wmxh 



22? 



[PRIOR ART] 

Fig. 18 is a principal-part explanatory drawing 
showing the balanced type light receiver used 
when performing the coherent optical 
communication. 

In a diagram 1 is a photoelectric-conversion 
device. 2 is a microwave amplifier. 3 is a 
window for a sealing for performing an airtight 
sealing. 4 is a light parallel-isation or a 
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condensing lens. 5 is directional couplers, such 
as the optical-fibre * coupler which performs a 
mixture and a divide with a modulated radiation 
control and a local oscillation light. 6 is a 
modulated radiation control. 7 is a local 
oscillation light. The above is respectively 
shown. 

Clearly from a diagram, at this optical 
receiver, two light-receiving surfaces are the 
performed integrated photoelectric-conversion 
device 1, the microwave amplifier 2, and a 
directional coupler 5 etc. are the main 
components. 

[0004] 

If it illustrates being needed for such an optical 
receiver 

(1 ) It is needed that it is that which can be 
responded at high speed as a photoelectric- 
conversion device 1 . 

Taking a beat between the frequencies of a 
light is performed in the coherent optical 
communication. 

Therefore able to utilize sufficiently also on 
the frequency which exceeds 20 [GHz] - 
30[GHz] is desired. 

Incidentally, a frequency can enlarge 
information content which can be transmitted to 
the extent that it is high. 



[0 0 0 51 

(2) ^raigliUT, ffi 
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[0005] 

(2) It is needed that it is that which has a high 
quantum efficiency as a , photoelectric- 
conversion device 1. 

It is mentioned that one in a coherent system 
of the characteristics can improve a receiving 
sensitivity. 

In order to accelerate the photoelectric- 
conversion device using the phenomenon of the 
carrier generation due to optical absorption of a 
semiconductor, it is effective to shorten the 
carrier transit time in an optical absorption layer. 

Therefore, that must be formed thinly. 

However, if it is made like that, a quantum 
efficiency will reduce. 
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Consequently, though it is a thin optical 
absorption layer, it must be made to obtain high 
quantum efficiency. 
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[0006] 

(3) The electric connection with an electronic 
circuit is wished simple. Especially, the 
electronic circuit connected to a poststage, For 
example, as for the thing such as the 
microwave amplifier 2 observed in Fig. 18, it is 
preferable to enable it to arrange superficially 
with the photoelectric-conversion device 1 . 
Above etc. are mentioned. 



[0 0 0 7] 
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[0007] 

Fig. 19 is a principal-part perspective view for 
explaining the photoelectric-conversion device 
of a surface irradiation type or a back-side 
irradiation type. 

The symbol and said symbol which were 
used in Fig. 18 shall show a part for said 
division, or shall have the same meaning. 

In a diagram, 1 A is a light-receiving surface in 
the photoelectric-conversion device 1. 8 is a 
light irradiated to light-receiving-surface 1A. The 
above is respectively shown. 

When using such a photoelectric-conversion 
device 1 clearly from a diagram, it becomes the 
component which the placement condition that 
light-receiving-surface 1A is confronted with an 
incident light 8 1, i.e., photoelectric-conversion 
device, and the incident light 8 cross 
orthogonally. 



[0 0 0 8] 

lot, *7 7 ^^ jjfo'im 



[0008] 

By the way, an optical receiver mounts the each 
part goods, for example, in a printed board, and 
assembles it. 

However, in order to potentiate high density 
mounting, it is desirable to collect everything 
into a thin shape. 

Therefore, placing optical-fibre, directional- 
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coupler 5, photoelectric-conversion device 1, 
and microwave amplifier 2 etc. to a printed 
board etc. linear, and mounting it in it is 
performed. 

[0009] 

Fig. 20 is a principal-part perspective view for 
explaining the condition of having placed the 
photoelectric-conversion device 1 and the 
microwave amplifier 2 linear. 

The symbol and said symbol which were 
used in Fig. 18 and 19 shall show a part for said 
division, or shall have the same meaning. 

In the state of an illustrated placement, the 
photoelectric-conversion device 1 and the 
microwave amplifier 2 cannot be connected 
superficially. 



[0010] 

Fig. 21 is a principal-part side view for 
explaining the connection between the 
photoelectric-conversion device 1 and the 
microwave amplifier 2. 

The symbol and said symbol which were 
used in Fig. 18 or 20 shall show a part for said 
division, or shall have the same meaning. 

In the diagram, 9 shows the electrical wiring. 



[0011] 

The photoelectric-conversion device 1 of 
illustration is a surface irradiation type or a 
back-side irradiation type. 

For example, if it is a back-side irradiation 
type, the electrical signal obtained by the 
photoelectric conversion will be extracted from 
the surface side. 

Therefore from a diagram, clearly, if an 
electrical wiring 9 is not bent to 90 degrees in 
this case, between the photoelectric-conversion 
device 1 and the microwave amplifiers 2 is not 
connectable. 

Manufacture is troublesome although making 
such a component is not impossible. 

Moreover, when bending and arranging an 
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electrical wiring 9, a high-frequency property 
worsens. 

Therefore a placement which is observed in 
Fig. 20 is not employable in fact. 



[0012] 

Fig. 22 is a principal-part perspective view for 
explaining a desirable placement, when 
connecting the photoelectric-conversion device 
1 and the microwave amplifier 2. 

The symbol and said symbol which were 
used in Fig. 18 or 21 shall show a part for said 
division, or shall have the same meaning. 
From giving an electrical wiring, as is illustrated, 
the photoelectric-conversion device 1, and the 
microwave amplifier 2, are more sufficient to 
place superficially flush. 



[0013] 

However, in order to implement that, it must be 
that which can input the incident light 8 which is 
a light signal, from the edge of the 
semiconductor chip into which the 
photoelectric-conversion device 1 is built so that 
it may observe in Fig. 22. 



[0014] 

Fig. 23 is a principal-part perspective view for 
explaining the conventional edge input-type 
semiconductor photoelectric-conversion device. 

In a diagram 11 is an n-type semiconductor 
substrate. 12 is an n-type light-guide layer. 13 is 
a non dope light absorption layer. 14 is a p-type 
light-guide layer. 15 is an insulator. 16 is a p 
side electrode. 17 is an n side electrode. The 
above is respectively shown. 
This photoelectric-conversion device forms BH 
(buried heterostructure) structure from the 
diagram clearly. 

A high-speed property becomes satisfactorily 
by making the optical absorption layer 13 thin. 
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Let that performance outstanding in the above 
etc. is exhibited. 
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[PROBLEM ADDRESSED] 

Fig. 24 is an explanatory drawing at the time of 
cutting along X- X line the photoelectric- 
conversion device observed in Fig. 23. 

The symbol and said symbol which were 
used in Fig. 23 shall show a part for said 
division, or shall have the same meaning. 
In the diagram, (A) shows principal-part cutting 
side and (B) respectively shows the refractive- 
index distribution. 

In (B), the thickness direction is taken on a 
vertical axis, and the refractive index is taken on 
the horizontal axis. 

In the diagram, 18 shows the propagation 
light resulting from an incident light 8. 



[0016] 

The refractive-index distribution is the step type 
from the diagram clearly. 

When the refractive index of the guide layers 
12 and 14 is close to that of the optical 
absorption layer 13, optical large absorption will 
produce also in the guide layers 12 and 14. 

Therefore the refractive-index difference 
between the optical absorption layer 13 and the 
guide layers 12 and 14 must be enlarged. 



[0017] 

With the photoelectric-conversion device of the 
example of illustration, If the diameter of a spot 
of the incident light 8 input is of the same grade 
as the sum of the thickness of each light-guide 
layer 12, absorption optical layer 13, and light- 
guide layer 14, the propagation light 18 will be 
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guided satisfactorily. In the optical absorption 
layer 13, the photoelectric conversion is 
performed efficiently. 

However, the diameter of a spot in an incident 
light 8 is usually larger. 

[0018] 

By the way, in this photoelectric-conversion 
device, the diameter of a spot of the 
propagation light 18 can be extended to the 
extent that the optical absorption layer 13 is 
made thin. 

However, that extention is 2 [urn] degrees, 
even when thickness of the optical absorption 
layer 13 is made below into 0.04 [urn], 
comprised such that it is difficult to make the 
output light from an optical fibre connect with 
high-efficiency. 

When the diameter of a spot of an incident 
light 8 was large and starts a substrate 11, Most 
of those lights will be permeated, without 
reaching the optical absorption layer 13. 

Therefore the light-receiving quantum 
efficiency including the coupling efficiency is 
very low. 
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[0019] 

Fig. 25 is a principal-part cutting side view of the 
object which added the modification to the light- 
guide layer in the photoelectric-conversion 
device observed in Fig. 23 and 24. 

The symbol and said symbol which were 
used in Fig. 23 and 24 shall show a part for said 
division, or shall have the same meaning. 

In a diagram 19 is the incident light from 
which it separated from the range in which the 
propagation light 18 may be present while 
crossing orthogonally in an edge surface. 20 is 
the incident light which had the angle in the 
edge surface. The above is respectively shown, 



[0 0 2 0] 



[0020] 

With this photoelectric-conversion device, 
clearly from a diagram, the light-guide layers 12 
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and 14 as the coupling efficiency with an optical 
fibre being enhanced were formed thickly. 

However, most incident lights 19 transmit the 
light-guide layer 12 and 14. An incident light 20 
can only reach the optical absorption layer 13 
by reflection slightly. 

Therefore, when doing in this way, a light- 
receiving quantum efficiency will become low. 
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[0021] 

This invention, In order to improve the coupling 
efficiency with an optical fibre, even when it is 
the case where a thick light-guide layer is used 
As an optical absorption layer condenses a 
propagation light efficiently, it may make, and 
the propagation light which passes by a light- 
guide layer is made to reduce, and it is going to 
mplement the improvement in a light-receiving 
quantum efficiency. 
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[SOLUTION OF THE INVENTION] 

Fig. 1 is a principal-part perspective view of the 
photoelectric-conversion device for explaining 
the component principle in the photoelectric- 
conversion device due to this invention. 

In a diagram 21 is an n-type semiconductor 
substrate. 22 is an n-type light-guide layer. 23 is 
a non dope light absorption layer. 24 is a p-type 
light-guide layer. 25 is an insulator. 26 is a p 
side electrode. 27 is an n side electrode. The 
above is respectively shown. 



[0 0 2 3] 



[0023] 

This photoelectric-conversion device has taken 
the similar component as the conventional edge 
input-type semiconductor photoelectric- 
conversion device explaining Fig. 23 clearly 
from the diagram. 
A so-called and BH structure are formed. 
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However, it is as follows when enumerating 
different places. 



[0024] 

(a) Change the material composition of the 
light-guide layers 22 and 24. 

Preserve the distribution to the refractive 
index. 

That is, it is made to become low in the part 
near the optical absorption layer 23 as a 
refractive index is left, while becoming high. 

However, compared with the refractive index 
of the optical absorption layer 23, it is always 
low value. 

[0025] 

(b) So that a connection with an optical fibre 
is simple, the light-guide layers 22 and 24 are 
thickened. 

[0026] 

Fig. 2 is a diagram explaining the photoelectric- 
conversion device for explaining the principle of 
operation in the photoelectric-conversion device 
due to this invention. 

The symbol and said symbol which were 
used in Fig. 1 shall show a part for said division, 
or shall have the same meaning. 
In a diagram, (A) shows the vertical-section side 
cut along line X-X observed in Fig. 1. 
Moreover, (B) shows the refractive-index 
distribution in alignment with line Y-Y observed 
similarly in Fig. 1. 

28 is a propagation light. P1 and P2 
respectively show the point that the propagation 
light 28 crosses the optical absorption layer 23. 

Moreover, in (B), the distance of the thickness 
directions, such as a many semiconductors 
layer, is taken on a vertical axis, and the 
refractive index is taken on the horizontal axis. 

nL1 is a smooth refractive-index distribution. 
nL2 is a step-like refractive-index distribution. 
L3 shows the composition distribution for 
making the smooth refractive-index distribution 
nl_1 generate. 
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In addition, keeping a refractive-index 
distribution which is observed by (B), to a 
semiconductor layer is performed normally. 

If a multi-dimensional compound 
semiconductor changes a composition, since a 
refractive index will change for example, What 
is sufficient is just to obtain the refractive-index 
distribution nL1 which lets that composition the 
objective with making it change continuously 
such as composition distribution L3. 
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[0027] 

So, a light has the characteristic perverted to 
the one where a refractive index is higher as 
known well. 

Therefore in the photoelectric-conversion 
device observed in Fig. 1 and 2, When the 
light-guide layer 22 and 24 are formed thickly 
and a connection with an optical fibre is made to 
be performed satisfactorily, It can be made to 
propagate in the condition that the propagation 
light 28 which passes by the light-guide layer 22 
or 24, and becomes a no effect will also be 
condensed toward the optical absorption layer 
23 if it is original. In that process, multiple times 
are covered and the optical absorption layer 23 
is crossed. 

Therefore absorption produces and a 
photoelectric conversion is performed each 
time. 

In addition, although not illustrated, it does 
not need to say that the light irradiated with the 
flare of a certain degree centering on the optical 
absorption layer 23 turns into the main 
propagation lights. 



[0028] 

In the photoelectric-conversion device due to 
this invention from the above-mentioned place 
(1) One conductivity-type compound- 
semiconductor light-guide layer by which forms 
lamination sequentially on one conductivity-type 
compound-semiconductor substrate (for 
example, n-type substrate 21), and a light is 
irradiated from a direction parallel to the joining 
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(for example, n-type light-guide layer) And a 
non dope compound-semiconductor light 
absorption layer (for example, non dope light 
absorption layer 23) And an opposite 
conductivity-type compound-semiconductor 
light-guide layer (for example, p-type light-guide 
layer) It is to provide an above. 

The refractive index of a said each light-guide 
layer has a distribution so that it may become 
low as it is isolated so that the side near an 
optical absorption layer may become the 
highest. 

It is characterized by the above-mentioned, or 
[0029] 

(2) The parabolic type which the shape of the 
refractive-index distribution in a light-guide layer 
opens toward an optical absorption layer is 
formed. 

It is characterized by the above-mentioned. 
Or (3) It is to provide the one conductivity-type 
compound-semiconductor light-guide layer by 
which forms lamination sequentially on one 
conductivity-type compound-semiconductor 
substrate, and a light is irradiated from a 
direction parallel to the joining, a non dope 
compound-semiconductor light absorption 
layer, and an opposite conductivity-type 
compound-semiconductor light-guide layer. The 
refractive index in any one of a said each light- 
guide layer has a distribution so that it may 
become low as it isolates and it may become 
the highest at the side near an optical 
absorption layer. 

It is characterized by the above-mentioned. 
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[EFFECT] 

By employing above-mentioned means, a light- 
guide layer is formed thickly. 

Even when it is the case where a connection 
with an optical fibre is made to be performed 
satisfactorily If it is original, it can be made to 
propagate in the condition that the propagation 
light which passes by a light-guide layer and 
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becomes a no effect is also condensed toward 
an optical absorption layer. In that process, a 
propagation light covers multiple times and 
crosses an optical absorption layer. 

Therefore absorption produces and a 
photoelectric conversion is performed each 
time. Therefore, the efficiency of the 
photoelectric conversion observed from that 
everything is extremely high. 
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[Example] 

That which materialized the photoelectric- 
conversion device observed in Fig. 1 is 
explained as a first example in this invention. 

[0032] 

It is as follows when illustrating the main data 

about each part currently illustrated. 

(1 ) About the n-type semiconductor substrate 

21 

Material: InP 

Impurity Concentration: 2*1018[cm-3] 
Thickness: 100[um] 



[0033] 

(2) About the n-type light-guide layer 22 
Material: Semiconductor crystallization which 
changes from InP to InGaAsP (composition 
from which a wavelength is set to 1.45 [urn]), 
gradually 

Impurity Concentration: 1*1018[cm-3] 
Thickness: 3.5[um] 

(3) About non the dope light absorption layer 
23 

Material: InGaAs 
Thickness: 1[um] 
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[0034] 

(4) About the p-type light-guide layer 24 
Material: Semiconductor crystallization which 
changes from InGaAsP (composition from 
which a wavelength is set to 1.45 [urn]) to InP 
gradually 

Impurity Concentration: 1*1018[cm-3] 
Thickness: 3.5[um] 

(5) About an insulator 25 
Material: Polyimide 
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[0035] 

(6) About the p side electrode 26 and the n 
side electrode 27 
Material: Au 

(6) About a stripe * mesa 
Width: 10[um] 
Length: 100[um] 

In addition, it is simple to change the refractive 
index of the light-guide layers 22 and 24 
continuously or in the shape of a step, 
comprised such that it can implement easily by 
changing a composition continuously using the 
ternary, the Quaternary, or the semiconductor 
crystallization of further pluralism. For example, 
by InGaAsP type semiconductor crystallization, 
A refractive index can be largely changed by 
changing the composition of P to 1 (refractive- 
index smallness)-0 (refractive-index large). 
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[0036] 

The photoelectric-conversion device of this first 
example, Of course, the completely same 
operation as the principle in this invention which 
performed above-mentioned explanation is 
performed. 

Thickness of the light-guide layers 22 and 24 
can be independently thickened with the 
thickness of the optical absorption layer 23. The 
coupling efficiency with output lights, such as an 
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£ optical fibre, can be improved, and the 
sensitivity of an optical receiver can be 
enhanced. 
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[0037] 

In the conventional standard photoelectric- 
conversion device (Thickness of a light-guide 
layer *2+ thickness of an optical absorption 
layer) = about 2[pm]. It is 8 [pm] as described 
above in the first example to that. 

Therefore, the coupling efficiency with an 
incident light improves largely. 
Moreover, the light-guide layers 22 and 24 As 
described above, even if it forms the thickness 
of 3.5 [pm], the light of the majority to irradiate 
can be made to reach the optical absorption 
layer 23. 

Therefore, the coupling efficiency and the 
internal quantum efficiency are remarkably high, 
and, moreover, provide the frequency 
responsiveness exceeding 30 [GHz], 
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[0038] 

When the refractive-index distribution in the 
light-guide layers 22 and 24 has constituted the 
shape of a parabolic so that it may observe by 
the way, in Fig. 2, A medium is effected as an 
ideal convex lens. 

Therefore the propagation light 28 resulting 
from an incident light 8 can be most efficiently 
centralized to the optical absorption layer 23. 
The same effect as the component which added 
the outstanding convex lens is obtained, 



[0039] 

That is, in the first example with the above- 
mentioned component, the propagation light 28 
resulting from an incident light 8 is the place of 
about 24 [pm] from edge. 
When it follows, the optical absorption layer 23 
is crossed at a point P1 and it progresses 
further, it is the place of about 72 [pm]. 
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Therefore, an operation which crosses the 
optical absorption layer 23 again by point P2 is 
performed. 

[0040] 

The response speed in this photoelectric- 
conversion device, If the optical absorption 
layer 23 is thin and the capacity of the pin 
junction formed in the light-guide layer 22, the 
optical absorption layer 23, and the light-guide 
layer 24 is small, It becomes quick. 

Capacity of this pin junction, If the width of the 
stripe * mesa which exists central is narrow, 
length is short and the optical absorption layer 
23 is thick It becomes small. 



[0041] 

Thus, an antinomy-component is included in the 
thickness of the optical absorption layer 23 
when observing from the surface of rapidity. 
When performing from an absorption optical 
layer itself property, because of speed 
improvement, it is sufficient that it is thin. 

However, if it is made like that, because the 
pin-junction capacity will become large, not 
much thinly, it cannot do. Therefore, balance, 
such as that, becomes essential. 

[0042] 

And, if the optical absorption layer 23 is made 
thin, absorption of a light will decrease. 

Therefore in order to perform an efficiency a 
maintenance or an improvement in that 
condition, For example, it is necessary to make 
a stripe * mesa huge. 

However, when making it like that, the capacity 
of a pin junction increases further with a natural 
thing. 

It will be connected with a reduction of 
rapidity. 



[0 0 4 3] 



[0043] 

In a first example, the width of a stripe * mesa is 
not changed, but takes very seriously an 
efficiency, and sets length to 200 [urn]. 
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Moreover, the example of a modification which 
made thickness of the optical absorption layer 
23 below 1 .5 [pm] is made as an experiment. 

When the resistance of 50[Q] was made into 
the load, the high-speed response more than 20 
[GHz] was able to be performed. 



[0044] 

When the thickness of the optical absorption 
layer 23 is 1 [pm], A quantum efficiency will 
become more than 80 [%], if the propagation 
light 28 crosses the optical absorption layer 23 
once vertically. 

In the example of an above-mentioned 
modification, the propagation light 28 crosses 
the optical absorption layer 23 diagonally to 
every 24[pm]. 

Therefore since the length of a stripe * mesa 
is 200 [pm], it will cross 6 times or more. 

[0045] 

As for the distance which performs optical 
absorption, it is long that a light crosses 
diagonally rather than vertically the optical 
absorption layer 23. Therefore an efficiency 
improves. Moreover, it crosses no less than 6 
times. From these, the quantum efficiency of 
abridging 100 [%] is attained. 

In addition, not the example of a modification 
but a first example, that is, that whose length of 
a stripe * mesa is 100 [pm], It comes to be able 
to perform the high-speed response more than 
30 [GHz] without a such efficiency reduction. 



[0046] 

Fig. 3 is an explanatory drawing of the 
photoelectric-conversion device for explaining 
the second example in this invention, comprised 
such that the symbol and said symbol which 
were used in Fig. 1 and 2 shall show a part for 
said division, or shall have the same meaning. 
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[0047] 

In a diagram, (A) shows vertical-section side. 
And, (B) shows the refractive-index distribution 
(continuous line) in alignment with line Y-Y 
observed by (A), and a pitch distribution (broken 
line) of a high-refractive-index semiconductor 
layer position. 

Moreover 31 A is a low refractive-index 
semiconductor layer which consists of an n-type 
InP, for example. 32A is a low refractive-index 
semiconductor layer which consists of a p-type 
InP, for example. 31 B is a high-refractive-index 
semiconductor layer which consists of n-type 
InGaAs whose thickness is 5 [nm], for example. 
32B is a high-refractive-index semiconductor 
layer which consists of p-type InGaAs whose 
thickness is 5 [nm], for example. PC is a pitch. 
An above is respectively shown. 

Moreover, in (B), the distance of the thickness 
directions, such as a many semiconductors 
layer, is taken on a vertical axis, and the 
refractive index and the pitch are taken on the 
horizontal axis. 

nL1 is a smooth refractive-index distribution. 
pL3 shows the pitch distribution for making the 
smooth refractive-index distribution nL1 
generate. 

In addition, a pitch PC is equivalent to the 
thickness of low refractive-index semiconductor 
layer 31 A or 32A as illustrated. 

Become large as that thickness separates 
from the optical absorption layer 23. That is, in 
the part which wants to make it high, thickness 
of low refractive-index semiconductor layer 31 A 
or 32A is made thin. Moreover, in the part which 
wants to make it low, thickness of low 
refractive-index semiconductor layer 31 B or 
32B is thickened. This is keeping the desired 
distribution to the refractive index. 



[0048] 

Thus when making a refractive-index 
distribution generate, If each thickness of low 
refractive-index semiconductor layer 31 A, 32A 
and high-refractive-index semiconductor layer 
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31 B, or 32B is controlled within the range of 1/5 
wavelength, A smooth refractive-index 
distribution can obtain so that it may observe in 
Fig. 3. 

[0049] 

In the first example which performed above- 
mentioned explanation, the distribution was 
kept to the refractive index by changing the 
composition of semiconductor crystallization. 

However, in the second example, the fixation 
of the composition of semiconductor 
crystallization is performed. Low refractive- 
index semiconductor layer 31 A (or 32A) and 
high-refractive-index semiconductor layer 31 B 
(or 32B) are laminated alternately. And, the 
distribution is kept to the refractive index by 
changing pitches, such as that. 

About changing this pitch, It not only changes 
low refractive-index semiconductor layer 31A 
etc. thickness, but it may be made to change 
high-refractive-index semiconductor layer 32A 
etc. thickness. Moreover, it may be made to 
control both thickness. 



[0050] 

Control means of the refractive-index 
distribution due to a second example, 
Compared with that due to a first example, the 
control of a refractive-index distribution is 
favorable. 

That reason is that the relationship of a 
change of a composition and a change of a 
refractive index is a complete thing not become 
linear. Moreover, it is based on it being very 
simpler to control thickness by the time 
compared with changing a composition 
continuously in the condition of having 
controlled sufficiently at the time of the growth 
of a semiconductor layer. 

[0051] 

Fig. 4 is an explanatory drawing showing the 
photoelectric-conversion device for explaining 
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the third example in this invention. 

The symbol and said symbol which were 
used in Fig. 1 or 3 shall show a part for said 
division, or shall have the same meaning. 
In a diagram, (A) shows vertical-section side. 

And, (B) shows the refractive-index 
distribution in alignment with line Y-Y observed 
by (A). 
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[0052] 

The point that this example is different from a 
first example, It is that the p-type light-guide 
layer 24 whose thickness is 1 [urn] consists of 
the mere p-type InP which does not have a 
distribution by refractive-index regularity. 

In addition, an impurity concentration is 
1*1018 [cm-3] similarly with a first example. 

The formation of the p-type light-guide layer 
24 in this example is extremely simple 
compared with the first example, comprised 
such that what is sufficient is just to diffuse Zn 
and to p-type-ise, after forming InP layer of a 
non dope. 



[0053] 

So, the process which manufactures the first 
example explained previously is explained in 
detail here. 

However, the outline of a vapour-phase- 
epitaxy device and the matter relevant to that is 
explained before it. 

Fig. 5 shows the principal-part explanatory 
drawing of the vapour-phase-epitaxy device 
used with this invention. 

In a diagram 31 is a reaction chamber. 32 is a 
gas feed pipe. 33 is an exhaust tube. 34 is a 
gas-control valve which adjusts a gas flow rate. 
35 is a base. 36 is a substrate. The above is 
respectively shown. 

[0054] 

This vapour-phase-epitaxy device is a well- 
known thing, comprised such that in a reaction 
chamber 1 , each of In source * gas, Ga source * 
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gas, As source * gas, P source * gas, and 
dopant * gas can be separately feeded now via 
the gas feed pipe 32 and the gas-control valve 
34. 

The heat decomposition of those gas and the 
chemical reaction which is crystal growth to a 
substrate 36 top are utilized. To the surface of a 
substrate 36, For example, it is made to perform 
the epitaxial growth of the InGaAsP etc. 
crystallization. 
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[0055] 

In this invention, semiconductor crystallization 
which changed the composition of InGaAsP is 
used abundantly. 

Therefore the growth of that InGaAsP is 
explained in detail. 
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x = 0 . 4 6 6 y / ( 1 . 03 
- 0 . 0 3 y ) 



[0056] 

Supposing it expresses the composition of Ga 
in InGaAsP with x and it expresses the 
composition of As with y now InGaAsP can be 
expressed as Gaxln1-xAsyP1-y. x and y for 
making InP lattice-match, x=0.466y/(1 .03- 
0.03y) 

It is in an above-mentioned relationship. 
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[0057] 

■.^ Band * gap 
0.72y+0.12y2 
r. It changes as mentioned above 



energy Eg, eg(y)=1.35- 
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[0058] 

Furthermore, if y is made small, the refractive 
index of Gaxln1-xAsyP1-y will become large 
(refer in detail "3-5 group semiconductor mixed- 
crystal, Showa 63 K.K. corona company 
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[0059] 

Therefore, a refractive index can form the 
semiconductor layer which changes 
continuously, by controlling x and y. 

Of course, x and y are controlled by the ratio 
of the quantity of the gaseous-phase compound 
in each source * gas of In, Ga, As and P which 
are introduced into a reaction chamber 1 . 



[0060] 

The flow control valve (mass * flow * controller) 
of a computer control is specifically attached in 
the pipe which supplies each source * gas of In, 
Ga, As, and P, and it controls to become the 
value with which the refractive index was 
designed. 



[0061] 

Fig. 6 or 15 is a principal-part cutting side view 
of the photoelectric-conversion device in the 
process key point for explaining the process 
which manufactures a first example. Moreover, 
Fig. 16 and 17 respectively shows the diagram 
for explaining the flow control of source * gas. 

Hereafter, it explains in detail, referring 
diagrams, such as this. 

In addition, the symbol and said symbol which 
were used in Fig. 1 or 4 shall show a part for 
said division, or shall have the same meaning. 

Moreover, a gas flow rate is taken on a 
vertical axis, and the time is respectively taken 
on the horizontal axis in Fig. 16 and 17. 
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[0062] 

Fig. 6 and diagram 16 reference 
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6-(1) 

Diameters are 50 [mm] and the thickness 300 
[urn], comprised such that the InP substrate 21 
which doped Sn, set to 2*1018 [cm-3], and 
performed the mirror-surface polishing of the 
surface as an n-type dopant is prepared. 



[0063] 

6-(2) 

After performing the cleaning process of the 
surface of a substrate 21 with strong acid, it 
sets to the reaction chamber 31 of a vapour- 
phase-epitaxy device. 

In addition, the vapour phase epitaxy of each 
semiconductor layer observed in Fig. 6 is 
performed after this. 

However, as an application technique, an 
organometallic chemical-vapour-deposition 
(metalorganic chemical vapour 

deposition:MOCVD) method is adopted. 



[0064] 

6-(3) 

The ratio of the quantity of each gaseous-phase 
compound of In, Ga, As, and P, therefore, x and 
y are controlled. In the condition of having been 
set to about 3.5 [urn] so that the boundary 
surface with a substrate 21 might be InP at the 
beginning x and y are controlled continuously 
and the n-type light-guide layer 22 is grown so 
that the band * gap * energy Eg may be set to 
1 .45 [urn] by wavelength conversion (A Eg). 

Moreover, H2S gas as dopant * gas for doing 
as the n-type other than each source * gas 
about the construction material of the light- 
guide layer 22 is added. 

In addition, silicon (Si) may be used for the 
dopant for making the light-guide layer 22 into a 
n-type. As for dopant * gas in that case, SiH4 is 
common. 
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[006S] 

The flow change of each source * gas at the 
time of growing the n-type light-guide layer 22 is 
clearly shown in Fig. 1 6. 

(a) shows the flow change of In source * gas 
and P source * gas, and (b) respectively shows 
the flow change of Ga source * gas and As 
source * gas. 



[0066] 

6-(4) 

The ratio of the quantity of the gaseous-phase 
compound concerning In, Ga, As, and P so that 
it may become the composition of y= 1 , that is, 
the flow of a trimethyl indium (TMI:ln3 (CH3)), a 
triethyl gallium (TEG:Ga3 (C2 H5)), an arsine 
(AsH3), and a phosphine (PH3) is controlled, 
and the non dope light absorption layer 23 
which it is thin from InGaAs of 1 [urn] is grown. 



[0067] 

6-(5) 

The ratio of the quantity of each gaseous-phase 
compound of In, Ga, As, and P is controlled. 
In the boundary surface with the optical 
absorption layer 23, so that the band * gap * 
energy Eg is InGaAsP which is 1.45 [urn], in 
wavelength conversion (A Eg) Moreover, in the 
condition of having been set to about 3.5 [um] 
y= 0, that is, x and y are controlled continuously 
and the light-guide layer 24 of a non dope is 
grown so that it may be set to InP. 
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[0068] 

The flow change of each source * gas at the 
time of growing the light-guide layer 24 is clearly 
shown in Fig. 17. 

(a) shows the flow change of In source * gas 
and P source * gas, and (b) respectively shows 
the flow change of Ga source * gas and As 
source * gas. 

In addition, here the relationship of Eg and A Eg, 
it approximates by Eg(unit [eV]) =1 .24/A Eg (unit 
[Mm]). 

Thus, the semiconductor crystallization layer 
with composition distribution L3 and the 
refractive-index distribution nl_1 which are 
observed by (B) of Fig. 2 was able to be grown. 
6-(6) 

A wafer and Zn compound are sealed in a glass 
closed pipe. 

The thermodiffusion of Zn is performed at 
temperature, 600 [degree C] and time about 8 
[hours], and the light-guide layer 24 is p-type- 
ised. 
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[0069] 

Diagram 7 reference 
7-0) 

By applying a heat CVD (chemical vapor 
deposition) method, for example, Si02 film 37, 
of thickness 200 [ns], is formed. 
7-(2) 

The resist film 38 is formed by applying the 
resist * process in a lithography technique. 
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[0070] 

Diagram 8 reference 
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[0071] 

Diagram 9 reference 
9-(1) 

By applying the wetness * etching method 
which makes an etchant the hydrofluoric acid, 
the selective etching of the Si02 film 37 as a 
mask is performed, and make the resist film 38 
be the stripe of width 10 [urn]. 
9-(2) 

The resist film 38 is performed a dissolution 
* removal. 
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[0072] 

Diagram 10 reference 
10-(1) 

By applying the wetness * etching method 
which makes an etchant hydrochloric-acid type 
etching liquid, the mesa * etching as a mask 
attained in a substrate 21 from the surface of 
the p-type light-guide layer 24 is performed the 
Si02 film 37 of a stripe. 
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[0073] 

Diagram 11 reference 
11-0) 

The used Si02 film 37 as an etching * mask 
is removed. 
11-(2) 

By applying a spin * coat method, a 
photosensitive polyimide is applied so that a 
mesa part may be buried sufficiently. 
A heating hardening is performed. 
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Diagram 12 reference 

12- (1) 

Exposure due to a ultraviolet irradiation is 
performed via the photo * mask 39 which covers 
only the top face of a mesa part. 

[0075] 

Diagram 13 reference 

13- (1) 

If it develops, since it is not polymerising, it 
will remove the photosensitive polyimide which 
was in the mesa part top face. 

The insulator 25 which consists of the 
polyimide which embedded the mesa part 
explaining Fig. 1 is obtained by this. 
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[0076] 

Diagram 14 reference 
14-(1) 

The back-side in the wafer sticked on the jig 
40 is made to oppose with the grinding particles 
42 of the alumina sprinkled on the fixed board 
41 , and is polished. 
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[0077] 

Diagram 15 reference 
15-(1) 

By applying PRIOR ARTs, such as a 
sputtering method, the p side electrode 26 
which consists of Au/Zn/Au, and the n side 
electrode 27 which consists of AuGe/Au are 
formed. 
15-(2) 

After this, it makes to the chip of width 200 
[urn] and the length 100 [um] by applying 
PRIOR ARTs, such as a cleavage. 

In addition, the broken line observed in a 
diagram shows the cleavage line. 
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[EFFECT OF THE INVENTION] 

In the semiconductor photoelectric-conversion 
device due to this invention It is to provide the 
one conductivity-type compound-semiconductor 
light-guide layer by which forms lamination 
sequentially on one conductivity-type 
compound-semiconductor substrate, and a light 
is irradiated from a direction parallel to the 
joining, a non dope compound-semiconductor 
light absorption layer, and an opposite 
cond uctivity-type com pou nd-semicond uctor 
light-guide layer. 

The refractive index which can be set to one 
direction at least among said each light-guide 
layers has the distribution so that it may 
become low as it isolates so that it may become 
the highest at the side near an optical 
absorption layer. 

[0079] 

By employing an above-mentioned component, 
a light-guide layer is formed thickly. 

Even when it is the case where a connection 
with an optical fibre is made to be performed 
satisfactorily The propagation light which will 
pass by a light-guide layer and will become a no 
effect if it is original, also can be made to 
propagate in the condition that it is condensed 
toward an optical absorption layer. In that 
process, a propagation light covers multiple 
times and crosses an optical absorption layer. 

Therefore absorption produces and a 
photoelectric conversion is performed each 
time. Therefore, the efficiency of the 
photoelectric conversion observed from that 
everything is extremely high. 



[BRIEF EXPLANATION OF DRAWINGS] 



[IHI] [FIGURE 1] 

#&Wfc#S3fe«£&3£fifc;» 11 is the Principal-part perspective view of the 

nzmimM^MWL-tZ&tDyt Photoelectric-conversion device for explaining 

m&*kmw<nmn&Tgim~T**> the com P° nent Principle in the photoelectric- 

MlifOgTOiW-CS) conversion device due to this invention. 
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[FIGURE 2] 

It is a diagram explaining the photoelectric- 
conversion device for explaining the principle of 
operation in the photoelectric-conversion device 
due to this invention. 
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[FIGURE 3] 

iMffil&M '* ' s tne explanatory drawing of the 
lusL<Ofi&yft photoelectric-conversion device for explaining 
the second example in this invention. 
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[FIGURE 4] 

iMffil&M '* ' s an explanatory drawing showing the 
jtS^r^i" photoelectric-conversion device for explaining 
the third example in this invention. 



[05] 



[FIGURE 5] 

It is the principal-part explanatory drawing of the 
vapour-phase-epitaxy device used with this 
invention. 
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[FIGURE 6] 

It is the principal-part cutting side view of the 
photoelectric-conversion device in the process 
key point for explaining the process which 
manufactures a first example. 
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[FIGURE 7] 

It is the principal-part cutting side view of the 
photoelectric-conversion device in the process 
key point for explaining the process which 
manufactures a first example. 
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[FIGURE 8] 

It is the principal-part cutting side view of the 
photoelectric-conversion device in the process 
key point for explaining the process which 
manufactures a first example. 
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[FIGURE 9] 

It is the principal-part cutting side view of the 
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^^XMM~t^)^(OUBMWf^M: photoelectric-conversion device in the process 

lt5#W3EJjy£H©K<f?-gJBMB!l kev P oint for e x P |ain 'ng the process which 

®H"Cfc-5 0 manufactures a first example. 

[|10] [FIGURE 10] 

HJfrlBltrJRaH" 5I@K:o It is the principal-part cutting side view of the 

\/ s Xffl1&1~£feOJLMMflT\^ft- photoelectric-conversion device in the process 

[Ull] [FIGURE 11] 

£101^5 X@f£o It is the principal-part cutting side view of the 

^^XMWtt^^^HM^Bf^P- Photoelectric-conversion device in the process 

^rt^^zr process which 

[Hll 2] [FIGURE 12] 

^—HJg^^JiS^-^^j^^o '* ' s P nnc 'P a '"P art cutting side view of the 

V^T^tfti~5&©X|lilB'fr# s photoelectric-conversion device in the process 

[013] [FIGURE 13] 

%>^M\Z.<> It is the principal-part cutting side view of the 

^ s Xffla&'i~ : 5&>(DX%£WBfFp- photoelectric-conversion device in the process 

^f?****™** — £.XS£2tf" process " hl * 



14] [FIGURE 14] 

lliifi#!j£10ti~5X^fc:o It is the principal-part cutting side view of the 
V^TflStft^'S^^X^icB'fr^ photoelectric-conversion device in the process 

r„£r a ^xlVe he Pr0C6SS Wh ' Ch 



1 5 ] [FIGURE 15] 

HJfe^llSr^3ei"'5X@^o It is the principal-part cutting side view of the 
V^Tftftft"t"<5&<ftX@ilgffr;# s photoelectric-conversion device in the process 

S^^.StSU" process which 

[|16] [FIGURE 16] 

# ^f^©JEfi$!J^HcoV^ '* is a diagram for explaining the flow control of 

source * gas. 
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[FIGURE 17] 

It is a diagram for explaining the flow control of 
source * gas. 
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[FIGURE 18] 

It is a principal-part explanatory drawing 
showing the balanced type light receiver used 
when performing the coherent optical 
communication. 
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[FIGURE 19] 

It is a principal-part perspective view for 
explaining the photoelectric-conversion device 
of a surface irradiation type or a back-side 
irradiation type. 

[FIGURE 20] 

It is a principal-part perspective view for 
explaining the condition of having placed the 
photoelectric-conversion device 1 and the 
microwave amplifier 2 linear. 
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[FIGURE 21] 

It is a principal-part side view for explaining the 
connection between the photoelectric- 
conversion device 1 and the microwave 
amplifier 2. 

[FIGURE 22] 

It is a principal-part perspective view for 
explaining a desirable placement, when 
connecting the photoelectric-conversion device 
1 and the microwave amplifier 2. 



[023] [FIGURE 23] 

%£$fc(D3Ly i/AtS^rMW-JtM is a principal-part perspective view for 

£&Sfi£fft§l|-f5&©S8R& ex P |ainin 9 the conventional edge input-type 

®0"t?$5'5 semiconductor photoelectric-conversion device. 
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[FIGURE 24] 

It is an explanatory drawing at the time of 
cutting along Y- Y line the photoelectric- 
conversion device observed in Fig. 23. 
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[FIGURE 25] 

It is the principal-part cutting side view of the 
object which added the modification to the light- 
guide layer in the photoelectric-conversion 
device observed in Fig. 23 and 24. 



2 i nm^mw&m 

2 2 nM##V KJ1 
2 3 K-T^&IR/ 

2 4 pM##v vm 

2 5 #fe» 

2 6 p MWrfe 

2 7 nflllffi 



[EXPLANATION OF DRAWING] 

21 N-type semiconductor substrate 

22 N-type light-guide layer 

23 Non dope light absorption layer 

24 P-type light-guide layer 

25 Insulator 

26 P side electrode 

27 N side electrode 
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[FIGURE 1] 
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It is the principal-part perspective view of the photoelectric-conversion device for 

explaining the component principle. 

21 : N-type semiconductor substrate 

22: N-type light-guide layer 

23: Non dope light absorption layer 

24: P-type light-guide layer 

25: Insulator 

26: P side electrode 

27: N side electrode 

[021 [FIGURE 2] 
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It is a diagram explaining the photoelectric-conversion device for explaining the 

principle of operation. 

X axis: refractive index n, composition 

Y axis: distance in thickness direction 

nL1 : smooth refractive-index distribution. 

nL2: step-like refractive-index distribution. 

L3: composition distribution 

28: propagation light 

P1 : the point where crosses 

P2: the point where crosses 

[m6] [FIGURE 6] 
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22 23 2k 21 



It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 

\mi\ [FIGURE 7] 




22 23 24 21 
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58 : is*;* M$ 

It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 
37: Si02 film 
38: resist film 

[0101 [FIGURE 10] 



01/09/28 



38/53 



(C) DERWENT 



JP5-183185-A 



DERWENT 

* 

THOMSON SCIENTIFIC 




22 23 24 21 



It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 

[031 [FIGURE 3] 




It is the explanatory drawing of the photoelectric-conversion device that is the 
second example. 

X axis: refractive index n and pitch 
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Y axis: distance in thickness direction 
PL3: pitch distribution 

31 A : low refractive-index semiconductor layer 
32A : low refractive-index semiconductor layer 
31 B :high-refractive-index semiconductor layer 
32B :high-refractive-index semiconductor layer 
PC : pitch 

[04] [FIGURE 4] 
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It is the explanatory drawing of the photoelectric-conversion device that is the 

third example. 

X axis: refractive index n 

Y axis: distance in thickness direction 
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It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 

[09] [FIGURE 9] 
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It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 

[m5] [FIGURES] 
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36 

It is the principal-part explanatory drawing of the vapour-phase-epitaxy device. 
In source gas, Ga source gas, As source gas, P source gas, dopant * gas 

31 : reaction chamber 

32 : gas feed pipe 

33 : exhaust tube 

34 : gas-control valve 
35 : base 
36 : substrate 

[011] [FIGURE 11] 
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It is the principal-part cutting side view of the photoelectric-conversion device in 

the process key point. 

polyimide 



l 9 : 

It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 
Expose 
39: mask 
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[FIGURE 12] 




[0131 



[FIGURE 13] 
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It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 



14] 



[FIGURE 14] 
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It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 
40 : jig 

41 : the fixed board 

42: the grinding particles 

[Ml 5} [FIGURE 15] 
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It is the principal-part cutting side view of the photoelectric-conversion device in 
the process key point. 

imi&] [FIGURE 16] 
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It is a diagram for explaining the flow control of source gas. 
X axis: time 

Y axis: gas flow amount 
[0171 [FIGURE 17] 




It is a diagram for explaining the flow control of source gas. 
X axis: time 

Y axis: gas flow amount 
[018] [FIGURE 18] 
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It is a principal-part explanatory drawing showing the balanced type light 
receiver. 

1 : photoelectric-conversion device 

2 :microwave amplifier 

3 :window for a sealing 

4 :lens 

5 :directional couplers 

6 : modulated radiation 

7 : local oscillation light. 

[0191 [FIGURE 19] 
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It is a principal-part perspective view for explaining the photoelectric-conversion 
device. 

1 : the photoelectric-conversion device 
1A: Light-receiving surface 

[020] [FIGURE 20] 
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It is a principal-part perspective view for explaining the condition of having 

placed the photoelectric-conversion device and the microwave amplifier. 

1 : the photoelectric-conversion device 

1A: Light-receiving surface 

2: the microwave amplifier 

8: incident light 

[0211 [FIGURE 21] 
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It is a principal-part side view for explaining the connection between the 
photoelectric-conversion device and the microwave amplifier. 
1 : the photoelectric-conversion device 
2: the microwave amplifier 
9: Electrical wiring 
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it is a principal-part perspective view for explaining a desirable placement of the 
photoelectric-conversion device and the microwave amplifier. 
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[FIGURE 22] 
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1: the photoelectric-conversion device 
2: the microwave amplifier 

[g|2 3 J [FIGURE 23] 




It is a principal-part perspective view of photoelectric-conversion device that is 
edge input-type. 

1 1 : N-type semiconductor substrate 

12: N-type light-guide layer 

13: Non dope light absorption layer 

14: P-type light-guide layer 

15: Insulator 

16: P side electrode 

17: N side electrode 

[024] [FIGURE 24] 
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It is the explanatory drawing of the photoelectric-conversion device. 

X axis: refractive index n 

Y axis: distance in thickness direction 

18: propagation light 
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[FIGURE 25] 
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It is the principal-part cutting side view of the photoelectric-conversion device. 
19: incident light 
20: incident light 
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